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Abstract 

Torsion occurs in gastropod molluscs as a 180° twisting of the shell and viscera 
relative to the head and foot of the veliger larva. Garstang (1928, 1929) proposed, and 
it has since become widely accepted, that torsion functions as a larval defense by 
allowing veligers to first pull the head into the shell, then sealing the aperture with the 
foot and operculum. 

However, when we offered pre-torsional and torted larvae of the abalone Haliotis 
kamtschcitkana Jonas as prey to seven planktonic predator species from four phyla, 
in only one case was rate of predation reduced on torted larvae. It therefore appears 
that torsion does not function defensively, indicating that other selective pressures 
probably maintained this trait in primitive gastropods. 

Introduction 

Gastropod torsion is a morphogenic event which occurs during larval life, and 
results in a 180° rotation of the shell and viscera relative to the head and foot of the 
veliger. Many authors have speculated about the adaptive value of torsion (Morton, 
1958a), but the hypothesis proposed by Garstang (1928, 1929) remains the most widely 
accepted (Lever, 1979). Because torsion enables a veliger to retract its head and foot 
into the shell and subsequently seal the aperture with the operculum, Garstang (1928, 
1929) suggested that torsion evolved as a larval defense. Garstang (1929) and several 
others (Yonge, 1947, 1960; Knight and Yochelson, 1958; Morton, 1958a, b; Fretter 
and Graham, 1962; Morton and Yonge, 1964; Purcheon, 1968; Yonge and Thompson, 
1976) have proposed that torsion arose functionally complete through a single mu¬ 
tation. This view remains tenable because no partially torted fossil gastropods have 
been found (Knight. 1952; Ghiselen, 1966; Lever, 1979), and retains popularity, in 
part, because of the revival of saltationist evolutionary theory (cf Eldredge and Gould, 
1972). The defensive benefits to this torted larva were apparently great enough that it 
survived to become the progenitor of the Gastropoda. However, Thompson (1967) 
criticized Garstang's (1929) hypothesis on the grounds that the head and velum are 
not clearly more vulnerable to attack than the foot, and that opisthobranch veligers 
do not require torsion to retract completely within their shells (Thompson, 1958, 
1967). Jagersten (1972) also suggested that larvae are usually swallowed whole by their 
predators, and that the ability to retract the head first is probably more important to 
adults than to larvae. 

Because the torted condition persists in most juvenile and adult gastropods, Gar¬ 
stang (1928, 1929) further suggested that torsion in larvae may create maladaptive 
features for adults. It has been suggested that shell slits, pallial asymmetries and de¬ 
torsion in opisthobranch gastropods have evolved, at least in part, to correct detrimental 
features of torsion for benthic existance (Garstang, 1929; Borradaile el al., 1951: Yonge, 
1960). Conversely, Garstang’s (1929) hypothesis has been modified because it does 
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not postulate advantages for benthic gastropods. Alterations of mantle position or 
shell size, weight, coiling, or position have all been suggested to be advantageous 
consequences of torsion for benthic gastropods (Lang, 1900;Naef, 1911; Yonge, 1947, 
1960; Borradaile et al., 1951; Morton, 1958a, b; Allen, 1963; Morton and Yonge, 
1964; Ghiselen, 1966; Purcheon, 1968; Jagersten, 1972; Underwood, 1972; Solem, 
1974; Lever, 1979; Stanley, 1982). To date, no experimental data have been produced 
to test Garstang’s (1928, 1929) hypothesis, or any other proposed function of gastropod 
torsion. 

This study was designed to test Garstang's (1928, 1929) hypothesis by comparing 
mortality rates of pre-torsional and torted veligers of the abalone Haliotis kamtschat- 
kana Jonas, when offered as prey to an array of seven planktonic predator species 
from four phyla. The development of //. kamtschatkana has been briefly described 
by Caldwell (1981), and is similar to that reported for other haliotids (Crofts, 1938; 
Ino, 1953; Carlisle, 1962; Leighton, 1972, 1974). The pre-torsional and torted veligers 
used in experiments were nearly identical in size and swimming ability, though the 
torted veligers had undergone only the first 90° of torsion (see Crofts, 1938). At this 
stage, torted veligers were fully capable of retracting and sealing the shell aperture with 
the operculum. 


Materials and Methods 

Gametes were obtained according to the methods of Morse et al. (1977, 1978), 
and embryos and larvae were cultured about 48 h (pre-torsional veligers) or 120 h 
(torted veligers) at 8-10°C in 3 gm filtered seawater plus 50 jug/1 each of penicillin G 
and streptomyosin sulphate. Predators were hand-dipped from surface waters near 
Friday Harbor Laboratories, Washington, and used in experiments on the day of 
collection, or fed and maintained a few days in running seawater prior to experiments. 

The experiments were similar to those of Pennington and Chia (1984) and Rumrill 
et al. (in press), which documented stage-specific predation upon other larval types. 
Two experiments were conducted. In the first, pre-torsional veligers were used as prey, 
and in the second, torted veligers were used. For each experiment 50 veligers were 
placed into each of 40 one-liter jars containing filtered seawater. Thirty-five of the jars 
were divided into seven sets of five replicates. Each jar within a set then received a 
predator species as follows: 

(1) five brachyuran megalops larvae (Decapoda); 

(2) five Epilabidocera longipedata (Copepoda); 

(3) one 30 mm diameter Aequorea victoria (hydromedusa); 

(4) one 12 mm diameter Phialidium gregariwn (hydromedusa); 

(5) one 10 mm diameter Pleurobrachia bachei (Ctenophora); 

(6) one 20 mm long Bolinopsis infundibulum (Ctenophora); or 

(7) two 30 mm long Oncorhynchus gorbuscha (Pisces). 

No predators were added to the five remaining jars which served as controls to measure 
background prey mortality and handling errors. 


of veligers missing from the treatments with predators. Statistics were calculated with log-transformed raw 
data; “net predation” was produced for graphic clarity alone. Except for P. bachei (E; P > .05), all predators 
ate significant numbers of prey (analysis of variance; P < .007 or less). However, only the megalopa (A) and 
A. victoria (C) ate significantly different numbers of either pre-torsional or torted veligers (Studenl-Newman- 
Keuls range test; P < .05). 
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During experiments, jars were strapped around the horizontal axis of a grazing 
wheel (see Landry, 1978; Yen, 1982), which gently stirred the water to keep the prey 
evenly distributed. Experiments were run for 15 h in a 7:6 h Iight:dark 9°C coldroom. 
At the end of experiments, predators were removed and prey were concentrated by 
siphoning most of the water off through Nitex mesh. Surviving prey were fixed, and 
counted later. A one-way analysis of variance and a Student-Newman-Keuls range 
test was calculated with log-transformed data for each predator species. These statistics 
tested for significant differences between control values and values for treatments with 
predators, and also for differences in rate of predation upon pre-torsional and torted 
veligers. 


Results 

Results of the experiments (Fig. 1) show that with the exception of Plemobrachia 
bachei ( P> .05), all predators ate significant numbers of veligers (P < .007). P. bacbei 
apparently did not consume veligers, though it does eat other planktonic prey in 
similar experiments (Pennington and Chia, 1984). Rates of predation upon pre-tor¬ 
sional or torted veligers were significantly different only for the megalopa and Aequorea 
victoria (P < .05). The megalopa consumed more torted veligers while A. victoria ate 
more pre-torsional veligers. 


Discussion 

Except for Aequorea victoria, no predator species ate significantly fewer torted than 
pre-torsional veligers. Moreover, any advantage torsion confers to veligers against 
predators such as A. victoria is apparently offset by increased vulnerability to predators 
such as megalopa, and the apparent effectiveness of torsion against A. victoria is not 
general for hydromedusae, because Phialidium gregarium ate nearly equal numbers 
of both stages of prey. Our results thus do not support Garstang's (1928, 1929) hy¬ 
pothesis concerning the defensive value of torsion in veligers. 

We have not determined why torted veligers, which have developed an operculum 
and can seal themselves within their shells, were as vulnerable to predation as pre- 
torsional veligers. Shells of larval molluscs have often been suggested to serve defen¬ 
sively, and several authors have even suggested that veligers can pass unharmed through 
the guts of their predators (Morton and Yonge, 1964; Yonge and Thompson, 1976; 
others reviewed by Mileikovsky, 1974). Torted veligers placed on a glass slide usually 
withdrew upon being disturbed for only a few seconds; perhaps this intermittent re¬ 
traction was insufficient to deter predators that swallow prey whole. Empty veliger 
shells were often found within the manubria of P. gregarium at the end of experiments. 
Shell fragments were also commonly found within jars that had contained crustacean 
predators. If the crustacean predators broke shells prior to ingestion, retraction probably 
did not protect the larva within. Mileikovsky (1974) suggested that if veligers do pass 
intact through the guts of their predators, they are usually so entangled in mucous 
and feces that they rarely survive in any case. 

The present study provides the first data to test any hypothesis concerning the 
adaptive value of gastropod torsion. It might be argued that over evolutionary time, 
small (and therefore undetected by us) decreases in rate of predation due to torsion 
would provide sufficient selective pressure to maintain the trait. While this argument 
is valid, Garstang( 1928, 1929) and several recent authors (Yonge, 1947; Knight, 1952; 
Knight and Yochelson, 1958; Morton, 1958a, b; Morton and Yonge, 1964; Purcheon, 
1968; Yonge and Thompson, 1976; Stanley, 1982) have proposed that a single mutation 
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caused torsion in a larval pre-gastropod whose fitness became so enhanced that it 
became the progenitor of the Gastropoda. Our results indicate that the defensive benefits 
of torsion for veligers, if any, are probably insufficient to foster the foundation of the 
Gastropoda from a mutation in a single veliger. Our results do support the suggestions 
of Thompson (1967) and Jagersten (1972), both of whom thought that torsion does 
not function effectively as a larval defense. It nevertheless remains conceivable that 
torsion confers other benefits to veligers; for example, torsion might aid in swimming 
(Underwood, 1972), and it is also possible that torsion protects veligers from adverse 
physical conditions. Pre-torsional veligers do retract within their shells, though they 
lack opercula. 

It is also possible that untested or extinct predators are deterred by torsion while 
the predators we used are not. Although our selection of predator species was necessarily 
limited, we attempted to choose a diverse array of predators that are both common 
in neritic plankton and which feed by different mechanisms (see Pennington and Chia, 
1984). Ctenophores, medusae, crustaceans, and planktivorous fish meet these criteria, 
though it remains problematic whether a predator such as O. gorbuscha had analogues 
in Cambrian seas. Though we cannot eliminate the possibility that extinct predators 
provided the selective pressure for torsion in veligers, there is little factual basis to 
support such an argument. 

In contrast to Garstang’s (1928, 1929) hypothesis, most other hypotheses regarding 
torsion postulate advantages during metamorphosis or for juveniles and adults (Lang, 
1900; Naef, 1911; Yonge, 1947, 1960; Borradaile et aL 1951; Morton, 1958, 1979; 
Allen, 1963; Morton and Yonge, 1964; Ghiselen, 1966; Purcheon, 1968; Jagersten, 
1972; Underwood, 1972; Solen, 1974; Lever, 1979). If torsion is not a larval adaptation, 
one or a combination of these hypotheses probably explains its evolution within the 
Gastropoda. However, the selective pressures that have been suggested to favor torsion 
will remain speculative until further experimental work is conducted to examine the 
functional implications of torsion for gastropods. 
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